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Abstract

The PPV23 immunizes healthy elderly and other high-risk populations against pneumococcal 

disease. Immune mechanisms whereby these populations differently mount antibody(Ab) and 

cellular responses to PPV23 vaccination remain unknown. Here, healthy elderly, those elderly with 

prior tuberculosis-cured history (TB-cured), and HIV-infected humans were vaccinated with 

PPV23, and assessed for opsonophagocytic Ab responses and potential cellular mechanisms. 

PPV23 vaccination elicited hierarchical responses of opsonophagocytic Ab. PPV23-elicited Ab 

titers were highest in healthy elderly, significantly lower in TB-cured elderly and lowest in HIV-

infected subjects. Mechanistically, high PPV23-elicited Ab titers in healthy elderly were 

associated with increases in CD19 + CD69+ cells and CD19 + CD138 + plasma cells. 

Surprisingly, TB-cured elderly failed to show PPV23-induced increases in these cells. While HIV-

infected subjects showed a depressed CD19 + CD69+ cellular response, PPV23 vaccination 

uncovered HIV-related over-reactive increases in CD19 + CD138 + cells. For the first time, we 
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demonstrate that PPV23-elicted opsonophagocytic Ab titers correlate with different cellular 

responses in healthy, TB-cured and HIV statuses.
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1. Introduction

Pneumococcal disease (PD) is caused by Streptococcus pneumoniae, or pneumococcus [1]. 

Invasive pneumococcal disease (IPD) has an all-cause mortality of 5–35% in the developed 

world [2]. Pneumococcal bacteria can cause many types of illnesses that range from mild to 

very severe. When pneumococcal bacteria spread from the nose and throat to ears or sinuses, 

it generally causes mild infections. When the bacteria disseminate to other parts of the body, 

it can lead to severe health problems such pneumonia, bacteremia, and meningitis [3]. 

Populations at high risks for PD include elderly > 60 years old, people with chronic health 

conditions, and people whose immune systems are compromised [4,5]. Immunization with 

pneumococcal vaccine is the best way to prevent pneumococcal disease.

The current pneumococcal vaccine contains polysaccharides from 23 pneumococcal 

serotypes (PPV23), and covers > 90% of invasive serotypes. PPV23 is currently licensed for 

adults and is recommended for universal pneumococcal vaccination of high-risk groups 

including the elderly over 60 years of age and those infected with human immunodeficiency 

virus (HIV) [6,7]. It has been reported that newly diagnosed HIV-infected individuals are 35 

to 100-times more susceptible to Streptococcus pneumoniae infection compared to non-

infected persons [8].

Immune mechanisms by which PPV23 vaccination elicits humoral immunity or potential 

cellular responses are incompletely elucidated. The phenotype of B cells elicited by the 

purified pneumococcal poly-saccharide remains a debate, and data are inconclusive in high-

risk populations, such as elderly individuals [9–11]. While PPV23 vaccine efficacy is 

generally considered independent of T cells, HIV-1-infected humans indeed develop 

depressed responses to PPV23 vaccination [12–15]. However, PPV vaccination have been 

shown to reduce HIV-related susceptibility to pneumonia [16,17].

Studies of PPV23-elicited immune responses and immunity in other high-risk populations 

are very limited [18]. Particularly, no studies have been undertaken to investigate whether 

the population with previously tuberculosis-cured history (TB-cured) can develop reduced 

immune responses and immunity after PPV23 vaccination. This is not a trivial question, as 

multiple clinical or epidemiology studies have reported that TB-cured individuals have 

higher rates of re-infection TB or TB relapse in the absence or presence of HIV coinfection 

[19–24]. In addition, it is rational to study anti-TB and anti-pneumococcal responses in the 

context of PPV23 vaccination, as clinical studies have reported high co-incident rates of 

pneumococcus pneumonia and Mycobacterium tuberculosis (Mtb) infection irrespective of 

HIV infection [25–28].
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In the current study, we took advantage of PPV23 vaccination program in Shanghai and 

comparatively investigated PPV23-elicited humoral and cellular responses in healthy elderly, 

TB-cured elderly and HIV-1-infected subjects.

2. Materials and methods

2.1. Ethics statement

The protocols for use of human blood samples for in vitro experimental procedures were 

evaluated and approved by Institutional Review Board (IRB) for Human Subjects Research 

and Institutional Biosafety Committee (IBC) at Hongkou Center for Disease Control and 

Prevention of Shanghai. All studies were conducted in accordance with the amended 

Declaration of Helsinki (ICH-GCP) and consistent with guidelines of Office for Human 

Research Protections (OHRP). All subjects are adults and signed written informed consent.

2.2. Demographic and clinical characteristics of enrolled subjects in this study of healthy 
elderly, cured tuberculosis elderly and HIV infected donors

Volunteer donors were enrolled in 2015 by Hongkou Center for Disease Control and 

Prevention of Shanghai (Shanghai, China) (Table 1), who have not previously received a 

pneumococcal vaccine. The first group comprised of elderly healthy control subjects over 60 

years old (Table 1). At the enrollment, they did not receive any immune suppressive drugs, 

or have any cancers, autoimmune/inflammatory diseases as well as persistent infections such 

as HIV, hepatitis B virus (HBV), hepatitis C virus (HCV). The second group comprised of 

TB-cured subjects also over 60 years old. They all had a documented history of active TB, 

effective anti-TB treatments, and TB-cured conclusion during 2009–2012, except for 4 

persons who had those confirming TB/TB-cured records during 2013. Each of these TB-

cured subjects received > 2 years of intensive clinical/x-ray/mycobacterial follow-ups and 

got further confirmed TB-cured status before they were vaccinated with PPV23. They were 

otherwise healthy individuals like the first group. The third group consisted of HIV-1-

infected subjects (Table 1). Most of them received standard antiretroviral therapy, with 

CD4+ T cell counts ranging 350–970/μl. All participants were injected one dose of PPV23 

(China National Biotec Group Company Limited). 10 ml blood was drawn from every 

volunteers before and 1-month after vaccination.

2.3. Adapted opsonophagocytic assays (OPA) system using predominant S. pneumoniae 
strains in Shanghai, China

We employed opsonophagocytic assays (OPA) to assess the functional antibody responses 

induced by PPV23 vaccination [29,30]. First, we selected the most popular serotypes 

Streptococcus pneumonia of 19F, 19A, 23F, 6B, which represented about 55.6%, 13.9%, 

10.1% and 4.7% of all serotypes in Shanghai, China. We then isolated these bacterial species 

from patients in Shanghai Pulmonary Hospital, and identified these serotypes by specific 

PCR primers listed below [31,32].

19FwzyF: GTTAAGATTGCTGATCGATTAATTGATATCC,
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19FwzyR: GTAATATGTCT TTAGGGCGTTTATGGCGATAG, length of PCR product is 

306 bp; 19AwzyF: GAGAGATTCAT AATCTTGCACT TAGCCA,

19AwzyR: CATAATAGCTACAAATGACTCATCGCC, length of PCR product is 566 bp;

23FwzyF: GTAACAGTTGCTGTAGAGGGAATTGGCTTTTC,

23FwzyR: CACAACACCTAACACTCGATGGCTATATGATTC, length of PCR product is 

384 bp;

6Bwci PF: AATTTGTATTTTATTCATGCCTATATCTGG,

6Bwci PR: TTAGCGGAGATAATTTAAAATGA TGACTA, length of PCR product is 250 

bp.

Then, we measured the opsonophagocytic functional antibody activity against these 4 

pneumococcal serotypes. In brief, sera were heat-inactivated at 56 °C for 30 min. 5-fold 

serial dilutions starting with 10 μL of each subject’s serum were incubated with 20 μL of 

suspension with 4 × 105 CFU/ml S. pneumoniae for 30 min at 37 °C. Then, 10 μL of sterile 

3–4-week-old baby rabbit serum (Pelfreeze, Brown Deer, WI) was added as a source of 

complement and incubated for 15 min at 37 °C. Forty microliters of a suspension containing 

2 × 105 differentiated HL-60 cells (granulocytes) was then added to each dilution well and 

incubated for 15 min at 37 °C before being resuspended in 80 μL of buffer [29]. Dilutions 

were cultured in plates and CFU were counted. Control wells contained only HL-60 

granulocytes or bacteria [33]. Titers were reported as the reciprocal of the highest serum 

dilution yielding ≥ 50% of the maximum phagocytic uptake. Samples with a maximum 

phagocytic uptake < 20% were considered negative and titers were determined based on the 

lowest dilution capable of exerting 50% killing.

2.4. Flow cytometry

This was done according to our previously described [34]. Cells were stained with Pacific 

blue-conjugated anti-CD3 (Clone SP34–2, BD, Franklin Lakes, NJ), FITC-conjugated anti-

CD19(clone HIB19, Biolegend, San Diego, CA), APC-conjugated anti-CD27(clone O323, 

Biolegend, San Diego, CA), BV605-conjugated anti-CD69(clone FN50, Bio-legend, San 

Diego, CA), AF700-conjugated anti-CD138(clone MI15, Biolegend, San Diego, CA), 

PerCP/Cy5.5-conjugated anti-CXCR5 (CloneJ252D4, Biolegend, San Diego, CA), BV510-

conjugated anti-CD4 (Clone A161A1, Biolegend, San Diego, CA). After staining, cells were 

fixed with 2% formaldehyde-PBS (Protocol Formalin, Kalamazoo, MI) and subjected to run 

on a BD LSRFortessa flow cytometer (BD Biosciences, Qume Drive, San Jose, CA). 

Lymphocytes were gated based on forward- and side-scatters, and at least 40,000 gated 

events were analyzed using Summit Data Acquisition and Analysis Software (Dako 

Cytomation).
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2.5. Statistical analysis

Statistical analysis was performed using SPSS Statistics 17.0 for Windows software 

package. Results were subjected to unpaired t-test test, and p < 0.05 was considered 

significant. *Stands for p < 0.05,** for p < 0.01, and *** for p < 0.001.

3. Results

3.1. PPV23 vaccination of subjects and the OPA system based on predominant S. 
pneumonia serotype strains in Shanghai

Clinical studies suggest that individuals with TB-cured history are susceptible to recurrent 

TB [19–24]. This observation implies that TB-cured persons may have underlining immune 

incompetence. To address this, we comparatively investigated PPV23-elicited humoral and 

cellular responses between healthy, TB-cured elderly, and HIV-1-infected subjects. Since B 

cells and humoral immunity have been shown to involve TB infection and immunity [35], 

we took advantage of the recent Shanghai PPV23 vaccination program and vaccinated 

healthy elderly, TB-cured elderly, and HIV-1-infected subjects (Table 1, Methods). These 

three cohorts provided a proof-of-concept opportunity to examine whether TB-cured persons 

would exhibit a potential immune incompetence in humoral or cellular responses to 

immunization.

To measure PPV23 vaccine-elicited functional Ab, we adapted the OPA system using 

predominant Streptococcal serotype stains in Shanghai. The epidemiologic data in Shanghai 

revealed four predominant serotype strains of 19F, 19A, 23F and 6B [36]. We therefore 

utilized the predominant Shanghai strains in the OPA system to measure vaccine-elicited 

antibody titers of opsonophagocytic killing activity. The adapted OPA system using these 

pneumococcal strains (Fig. 1 A) was consistent with the WHO standards, as HL-60 cells for 

opsonophagocytic killing could readily differentiate to 98.0% of CD11+ cells, 97.4% of 

CD35+ cells and 2.75% of CD71+ cells (Fig. 1 B). In fact, the viability of differentiated 

HL-60 cells was 66.2% and higher than WHO standards of 65% (Fig. 1 C). Thus, the 

biomedical significance of the successfully-adapted OPA system was two-fold: (i) to 

practically measure PPV23-elicited Ab titters of opsonophagocytic killing activity against 

predominant pneumococcal strains in Shanghai; (ii) to conduct a proof-of-concept study of 

comparing PPV23-elicited responses between healthy and TB-cured elderly groups as well 

as HIV+ persons.

3.2. PPV23 vaccination elicited hierarchical responses of opsonophagocytic killing 
antibodies against S. pneumonia in healthy elderly, TB-cured elderly and HIV+ subjects

We then employed our adapted OPA system to determine the extent to which PPV23 

vaccination elicited Ab titers of opsonophagocytic killing activity against predominant 

Shanghai pneumococcal strains 19F, 19A, 23F and 6B in three groups. The percentages of 

subjects who achieved certain opsonic titers to each serotype were present in Table 2, and it 

shows that the number/percentages of subjects with no detectable opsonic activity (opsonic 

titer < 8) is decreased significantly in all groups after immunization.
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One month after the PPV23 vaccination, healthy elderly group exhibited remarkable 

increases in serum Ab titers of opsonophagocytic killing activity against pneumococcal 

strains 19F, 19A, 23F and 6B, respectively (Table 3). Mean opsonophagocytic Ab titers for 

50% killingwere > 3500 at one month after PPV23 vaccination of the healthy elderly group 

(Table 3). TB-cured elderly and HIV-infected persons also exhibited detectable titers of 

opsonophagocytic Ab at one month after PPV23 vaccination (Table 3, but Ab titers were 

lower than the healthy elderly (Table 3). In fact, PPV23 vaccination elicited hierarchical 

responses of opsonophagocytic killing Ab against S. pneumonia in healthy elderly, TB-cured 

elderly and HIV+ groups (Table 3). Overall, Ab titers of opsonophagocytic killing against 

predominant Shanghai pneumococcal strains were highest in the healthy, lower in the TB-

cured elderly, and lowest in HIV+ persons (Table 3). Thus, these results demonstrated that T-

cell-independent PPV23 vaccine could elicit hierarchical responses of opsonophagocytic 

killing Ab against S. pneumonia in three populations with different clinical statuses.

3.3. TB-cured elderly, like HIV+ subjects, insufficiently responded to PPV23 
immunization, and developed significantly lower Ab titers than healthy elderly

We then sought to determine whether TB-cured elderly exhibited a compromised ability to 

respond to PPV23 immunization. To this end, we comparatively evaluated PPV23-elicited 

Ab titers of opsonophagocytic killing against four predominant-in-Shanghai pneumococcal 

strains between TB-cured elderly, HIV+ persons and healthy elderly. TB-cured elderly 

exhibited significantly lower PPV23-elicited Ab titers of opsonophagocytic killing against S. 
pneumonia subtypes 19F, 19A and 23F than did healthy elderly, although there was a lack of 

significant difference in subtype 6B-specific Ab between these two elderly groups (Fig. 2A–

D). HIV+ subjects also showed significantly lower titers of Ab specific for the four than did 

the healthy elderly (Fig. 2). Thus, these results suggest that TB-cured elderly exhibited a 

compromised ability to respond to PPV23 immunization against subtypes 19F, 19A and 23F 

when compared to the healthy elderly.

3.4. PPV23-elicited high Ab titers in healthy elderly were associated with increased 
numbers of CD19+ CD69+ B cells, not CD4+ CXCR5+ Tfh cells

Next, we examined a potential cellular response or mechanism by which PPV23 vaccination 

elicited highest titers of opsonophagocytic Ab in healthy elderly. This question or gap has 

not been well addressed by conducting evidence-based studies in humans [9–11]. We 

hypothesized that PPV23 immunization could activate and expand CD19+ B cells for Ab 

production. Published studies suggest that infection-driven activation of B cells leads to 

CD69 expression upon in vitro stimulation [37]. It has also been shown that CD69 serves as 

a memory marker for T cells after vaccination, whereas CD69 + B cells have not been 

assessed [38].Here, we investigated whether PPV23-elicited Ab titers might be associated 

with potential increases in CD19 + CD69+ B cells in healthy elderly. In parallel, we 

examined whether PPV23 immunization could lead to increases in CD4 + CXCR5+ T 

follicular cells (Tfh), a surrogate Th subset capable of helping B-cell production of Ab [39]. 

Interestingly, PPV23 vaccination induced apparent increases in circulating CD19 + CD69+ 

B cells from mean baseline ~43% up to ~73% at one month after immunization of healthy 

elderly (Fig. 3A top panel). Such vaccine-elicited expansion of CD19 + CD69+ B cells was 

statistically significant (Fig. 3A top panel, p < 0.05). The reason why we detected high 
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percentage of these cells may be attributed in parts to the direct intracellular/surface staining 

assay as validated by us and others (the direct intracellular staining assay without in vitro 
stimulation allows for detection of intracellular proteins including cytokines). In contrast, 

there was a lack of increases in frequencies of mean CD4 + CXCR5+ T cells, a finding 

consistent with the notion that PPV23 is T cell-independent vaccine (Fig. 3B top panel). 

These data suggest that the PPV23 expansion of CD19 + CD69+ B-cell subset appears to be 

associated with high titers of opsonophagocytic killing Ab one month after PPV23 

immunization.

3.5. PPV23 vaccination of TB-cured elderly and HIV+ subjects failed to induce increases 
in frequencies of CD19 + CD69+ B cells

We then sought to determine whether lower titers of PPV23-elicited opsonophagocytic Ab in 

TB-cured elderly and HIV+ subjects indeed correlated with compromised responses of 

CD19 + CD69+ B cells. Surprisingly, while baseline levels of CD19 + CD69+ B cells in 

TB-cured elderly and HIV+ subjects were low compared to healthy elderly, PPV23 

vaccination of TB-cured elderly and HIV+ subjects failed to induce increases in frequencies 

of CD19 + CD69+ B cells at one month (Fig. 3A mid and bottom panel). To determine 

biomedical significance for changes in three vaccine groups, frequencies of CD19 + CD69+ 

B cells at one month were individually subtracted by baseline levels individually for each of 

three vaccine groups. We found that healthy elderly group exhibited ~25% pure increases in 

CD19 + CD69+ B cells, whereas decreases and subtle increases in these cells were seen in 

the blood of TB-cured elderly and HIV+ groups, respectively (Fig. 3C). Such depressed 

responses of PPV23-elicited CD19 + CD69+ B cells in these two groups were statistically 

significant, with p value < 0.01 for TB-cure group and p < 0.05 for HIV+ group, respectively 

(Fig. 3C). There were no apparent changes in numbers of CD4 + CXCR5+ T cells in all 

three vaccine groups at one month after PPV23 vaccination (Fig. 3B mid and bottom 

panels). Taken together, these results demonstrated that PPV23 vaccination of TB-cured 

elderly and HIV+ subjects failed to elicit immune responses of CD19 + CD69+ B cells, and 

that such compromised activation of B cells correlated with reduced titers of PPV23-elicited 

opsonophagocytic Ab against pneumococcal subtypes.

3.6. PPV23 immunization increased CD19 + CD138+ B cells in healthy elderly, but almost 
not in TB-cured elderly, whereas HIV-1-infected subjects exhibited over-reactive increases 
in these cells after vaccination

We then assessed the possibility that low titers of PPV23-elicited Ab in TB-cured elderly 

and HIV+ subjects also correlated with depressed responses of plasma B cells that 

potentially produced Ab after PPV23 vaccination. To this end, we comparatively 

investigated PPV23-induced numbers of CD19 + CD138+ plasma B cells among healthy 

elderly, TB-cured elderly and HIV+ subjects. Healthy elderly exhibited significant increases 

in frequencies of CD19 + CD138+ plasma cells at 1 month after PPV23 vaccination (Fig. 

4A, top panel). Notably, while TB-cured elderly showed low baseline levels of CD19 + 

CD138+ B cells in the blood, PPV23 vaccination of them did not induce apparent increases 

in numbers of these plasma cells (Fig. 4A, mid panel). Surprisingly, HIV+ subjects 

displayed remarkable increases in CD19 + CD138+ B cells from low baseline after PPV 

vaccination(Fig. 4A, bottom panel). When PPV23-driven changes in numbers of CD19 + 
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CD138+ B cells were comparatively analyzed, healthy elderly group showed significantly 

greater increases in numbers of these plasmas cells than TB-cured elderly (Fig. 4B). HIV+ 

subjects exhibited significantly greater increases in numbers of CD19 + CD138+ B cells 

than both healthy elderly and TB-cured groups (Fig. 4B). Of note, due to a short one-month 

follow-up, memory-like CD19 + CD27+ B cells were not significantly increased in all three 

groups (Fig. 4C, D). Nevertheless, these results demonstrated that while PPV23 

immunization led to increases in CD19 + CD138+ B cells in healthy elderly and even 

greater increases in them in HIV+ subjects, a lack of increases in these plasma cells in TB-

cured elderly correlated with low titers of PPV23-elicited opsonophagocytic Ab. Data also 

suggest that PPV23 vaccination uncovers over-reactive responses of CD19 + CD138+ B 

cells in HIV-1-infected subjects, consistent with superimposed high levels of HIV-specific 

non-neutralizing antibodies.

4. Discussion

The current work represents a first proof-of-concept study to investigate whether PPV23-

elicited humoral immunity and cellular responses are interrelated differently in healthy 

elderly, TB-cured elderly and HIV-1-infected subjects. Our study provides several 

previously-unreported findings. (i) PPV23-elicited opsonophagocytic Ab titers were highest 

in healthy elderly, significantly lower in TB-cured elderly and lowest in HIV-1-infected 

subjects. (ii) High PPV23-elicited Ab titers in healthy elderly coincided with increases in 

CD19 + CD69+ B cells and CD19 + CD138+ plasma cells. (iii) In contrast, lower Ab titers 

in TB-cured elderly correlated with a lack of increases in CD19 + CD69+ subset and plasma 

cells, implicating an immune incompetence. (iv) PPV23 vaccination uncovered HIV-related 

over-reactive increases in CD19 + CD138+ cells. For the first time, our findings suggest that 

PPV23-elicted humoral immunity hierarchies correlate with different cellular responses in 

healthy elderly, TB-cured elderly and HIV-1-infected subjects.

Our results suggest that high titers of PPV23-elicited Ab in healthy elderly may be linked to 

consistent increases in CD19 + CD69+ B cells and CD19 + CD138+ plasma cells, but not 

CD4 + CXCR5+ Tfh cells or CD19 + CD27+ cells. Earlier studies of phenotypes of B cells 

elicited by the purified pneumococcal polysaccharide yielded controversial results. While 

CD27+ B cells without membrane IgM appeared to be involved in response to the purified 

pneumococcal polysaccharide, individuals with no or low-level CD27 + IgM+ B cells were 

found to respond poorly to PPV vaccination or even coincide with susceptibility to infection 

of encapsulated bacteria [9–11]. The current study did not follow a longer term to define an 

association between CD19 + CD27+ B cells and high titers of PPV23-elicited Ab. 

Nevertheless, our data suggest that expanded CD19 + CD69+ B cells and CD19 + CD138+ 

plasma cells appear to temporally correlate with high titers of PPV23-elicited 

opsonophagocytic functional Ab in healthy elderly. A lack of apparent responses of CD4+ 

Tfh cells after PPV23 vaccination is consistent with the hypothesis that PPV23 vaccine is T-

cell in-dependent. A potential mechanism by which higher titers of PPV23-elicited Abs 

coincide with increases in CD19 + CD69+ B cells in healthy elderly but not TB-cured or 

HIV+ individuals is currently not known. CD69 expression is associated with activation of B 

cells in vitro [37] or is linked to memory marker for T cells after vaccination [38]. However, 

whether CD19 + CD69+ B cells represent memory status is not known. Future studies 
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focusing on these B cell phenotypes may provide an opportunity to address immune 

mechanisms underlying PPV23-elicited humoral immunity.

It is surprising that after PPV23 immunization, HIV-1-infected subjects show overreactive 

increases in CD19 + CD138+ B plasma cells, but concurrently develop low functional Ab 

and CD19 + CD69+ B cell responses. The over-reactive responses of CD19 + CD138+ B 

cells after PPV23 vaccination might be driven by pre-existing HIV-1polyclonal activation of 

B cells capable of producing high levels of HIV-specific antibodies. Such chronic HIV-1 

activation of B cells might interfere with the ability of B cells to produce opsonophagocytic 

Ab in response to PPV23 immunization. HIV-1 infection leads to compromised response to 

CD4-independent PPV vaccination [12–15,40,41], although PPV vaccination of HIV-1-

infected humans helps to reduce HIV-related susceptibility to pneumonia [16,17,42]. 

Nevertheless, our data suggest that PPV23-elicited immune responses appear to be more 

complex than anticipated.

For the first time, the current study provides biomedical research data implicating that TB-

cured elderly, unlike healthy counterparts, may not be able to mount robust functional Ab 

and cellular responses to PPV23 vaccination. In fact, TB-cured elderly develop significantly 

lower titers of PPV23-elicited opsonophagocytic Ab than healthy elderly, and such reduced 

levels of PPV23-elicited humoral immunity correlate with a lack of increases in CD19 + 

CD69+ subset and CD19 + CD138+ plasma cells. These results support the hypothesis that 

TB-cure elderly may have an immune incompetence for responding to PPV23 vaccine or 

others. Our finding is consistent with the repeatedly-described clinical observation that TB-

cured individuals have higher rates of re-infection TB or TB relapse in the absence or 

presence of HIV coinfection [19–24]. Significance for our observation appears to be two-

fold: (i) TB-cured elderly are considered a high-risk population for following-up PPV23 

vaccine efficacy against pneumococcal disease; (ii). In-depth studies of TB-cured elderly are 

needed to elucidate immunological defects and mechanisms underlying reduced responses to 

vaccination and high rates of TB re-infection or TB relapse.
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Fig. 1. 
The OPA system allowed for measuring Ab titers of opsonophagocytic killing activity 

against predominant S. pneumonia serotype strains in Shanghai. A) DNA electrophoresis 

results for PCR products amplified specifically from templates of Shanghai-predominant S. 

pneumoniae strains of 19F, 19A, 23F and 6B, respectively. B) Flow cytometry-based 

analysis shows the percentages of CD11+ (top panel), CD35+ (middle panel), and CD71+ 

(low panel) subpopulations in differentiated HL-60 cells before and after 5-day culture in 

RPMI 1640 medium with 0.8% dimethylformamide (DMF). C) Representative histograms 

show the percentages of apoptosis cells (stained by PI, Annexin V) in 5-day culture with 

medium containing 0.8% DMF.
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Fig. 2. 
TB-cured elderly, like HIV+ subjects, insufficiently responded to PPV23 immunization, and 

exhibited significantly lower titers of opsonophagocytic killing Ab against S. pneumonia 
19F, 19A and 23F subtypes than healthy elderly. Bar graphs show pure increases in mean 

folds of serum dilutions for opsonophagocytic killing of 50% pneumococcal subtype 19F 

(A), 19A(B), 23F(C) and 6B (D) in sera from PPV23-vaccinated healthy elderly, TB-cured 

elderly and HIV-1-infected subjects. Pure increases are means with SEM derived from 

subtracting titers values at 1 month one by those at 0 month. N = same as above.
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Fig. 3. 
PPV23-elicited high Ab titers in healthy elderly coincided with increased numbers of CD19 

± CD69+ cells, not CD4 ± CXCR5+ Tfh cells, whereas low Ab titers in TB-cured elderly 

and HIV+ subjects were associated with a lack of increases in CD19 ± CD69+ cells. A) On 

left are representative flow histograms showing percentages of CD19 + CD69+ B cells 

before (0 month) and after (1 month) PPV vaccination of representative healthy elderly(top), 

TB-cured elderly(middle), and HIV-1-infected individuals. On right are bar graphs showing 

mean percentages (SEM) of CD19 + CD69+ cells in the blood from healthy elderly group 

(top panel), TB-cured elderly group (middle panel) and HIV-1-infected subjects (low panel) 

before and after PPV23 vaccination (1 month). B) On right are flow cytometry histograms 

showing the percentages of CD4 + CXCR5+ T cells from representative healthy elderly, TB-

cured elderly and HIV-1-infected subjects at 0 month and 1 month after PPV23 vaccination. 

On right are bar graphs for mean percentages (SEM) of CD4 + CXCR5+ T cells in the blood 

from above three groups. C) and D) Bar graphs show pure increases in CD19 + CD69+ B 

cells (C) and CD4 + CXCR5+ T cells (D) in the blood of above three groups after PPV23 

vaccination. Data are means increases or decreases with SEM derived from subtracting 

individual values at 1 month by those at 0 month. *p < 0.05, **p < 0.01; Flow cytometry 
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data are derived from 3 independent experiments using PBMC from 10 individuals for each 

of three groups. We compared the OPA titers of samples randomly selected from different 

groups and found that trends of difference in representative sub-groups were similar to those 

of the corresponding groups (data not shown).

Huang et al. Page 16

Clin Immunol. Author manuscript; available in PMC 2018 December 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 4. 
PPV23 immunization increased CD19 ± CD138+ plasma cells in healthy elderly, but almost 

not in TB-cured elderly; these cells were increased to a greater extent in HIV-1-infected 

subjects. A) On left are flow cytometry histograms showing the percentages of CD19 + 

CD138+ B cells from representative healthy elderly, TB-cured elderly and HIV-1-infected 

subjects at 0 month and 1 month after PPV23 vaccination. On right are bar graphs for mean 

percentages of CD19 + CD138+ B cells in the blood from above three groups.

B) Bar graph shows pure increases in CD19 + CD138+ B cells in the blood of above three 

groups after PPV23 vaccination. Data are means increases or decreases with SEM derived 

from subtracting individual values at 1 month by those at 0 month. C) Representative flow 

histograms (left) and bar graphs (right) show a lack of increases in CD19 + CD27+ B cells 

in the blood from the above three groups after PPV23 vaccination. D) Bar graph shows pure 

decreases in mean percentages (SEM) of CD19 + CD27+ B cells in the above three groups. 
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*p < 0.05, **p < 0.01; Flow cytometry data are derived from 3 independent experiments 

using PBMC from 10 individuals for each of three groups.
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Table 1

Demographic and clinical characteristics of enrolled subjects in this study of healthy elderly, cured 

tuberculosis elderly and HIV infected donors.

Healthy elderly Cured TB elderly HIV infected
donors

(n = 56) (n = 19) (n = 63)

Age, y, mean ± SD 64.41 ± 5.14 64.53 ± 3.99 38 ± 12.54

Sex (male/female) 22/34 18/1 61/2

HIV positive 0 0 63

Active HBV or HCV 0 0 0
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Table 2

Subjects with opsonic titer < 8 pre- and post-vaccination.

Serotype Healthy
elderly
(N = 56) n/
(%)

Cured TB
elderly
(N = 19) n/
(%)

HIV infected
donors (N = 63)
n/(%)

Pre-vaccination
   opsonic
   titer < 8

19F 17 (30.4%) 8 (42.1%) 50 (79.4%)

19A 10 (17.9%) 15 (78.9%) 52 (82.5%)

23F 22 (39.3%) 15 (78.9%) 52 (82.5%)

6B 11 (19.6%) 6 (31.5%) 53 (84.1%)

Post-vaccination
   opsonic
   titer < 8

19F 0 (0.0%) 0 (0.0%) 0 (0.0%)

19A 0 (0.0%) 1 (5.3%) 6 (9.5%)

23F 0 (0.0%) 1 (5.3%) 8 (12.7%)

6B 0 (0.0%) 0 (0.0%) 3 (4.7%)
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Table 3

Geometric mean Pneumococcal OPA titers of subjects in this study.

Serotype Vaccination time
(month)

Healthy
elderly
(n = 56)

Cured TB
Elderly
(n = 19)

HIV infected
Donors
(n = 63)

19F 0 63 58 34

1 5101 2388 1236

19A 0 84 38 28

1 2859 1320 313

23F 0 54 34 28

1 2978 1106 451

6B 0 85 61 27

1 2650 2388 901

Clin Immunol. Author manuscript; available in PMC 2018 December 28.


	Abstract
	Introduction
	Materials and methods
	Ethics statement
	Demographic and clinical characteristics of enrolled subjects in this study of healthy elderly, cured tuberculosis elderly and HIV infected donors
	Adapted opsonophagocytic assays (OPA) system using predominant S. pneumoniae strains in Shanghai, China
	Flow cytometry
	Statistical analysis

	Results
	PPV23 vaccination of subjects and the OPA system based on predominant S. pneumonia serotype strains in Shanghai
	PPV23 vaccination elicited hierarchical responses of opsonophagocytic killing antibodies against S. pneumonia in healthy elderly, TB-cured elderly and HIV+ subjects
	TB-cured elderly, like HIV+ subjects, insufficiently responded to PPV23 immunization, and developed significantly lower Ab titers than healthy elderly
	PPV23-elicited high Ab titers in healthy elderly were associated with increased numbers of CD19+ CD69+ B cells, not CD4+ CXCR5+ Tfh cells
	PPV23 vaccination of TB-cured elderly and HIV+ subjects failed to induce increases in frequencies of CD19 + CD69+ B cells
	PPV23 immunization increased CD19 + CD138+ B cells in healthy elderly, but almost not in TB-cured elderly, whereas HIV-1-infected subjects exhibited over-reactive increases in these cells after vaccination

	Discussion
	References
	Fig. 1.
	Fig. 2.
	Fig. 3.
	Fig. 4.
	Table 1
	Table 2
	Table 3

